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Comparison of the effects of amrinone and sodium
nitroprusside on haemodynamics, contractility, and
myocardial metabolism in patients with cardiac failure
due to coronary artery disease and dilated
cardiomyopathy
P T WILMSHURST, D S THOMPSON, S M JUUL, B S JENKINS, D J COLTART,
M M WEBB-PEPLOE
From the Department of Cardiology, St Thomas' Hospital, London

SUMMARY The effects of intravenous amrinone and sodium nitroprusside on haemodynamic indices,
left ventricular contractility, and myocardial metabolism were compared in patients with cardiac
failure. All patients received one dose of each drug and some received serial doses. Eight patients
had dilated cardiomyopathy and six coronary artery disease, but the responses to the two drugs were
independent of the aetiology of cardiac failure. Both drugs lowered left ventricular end diastolic
pressure and aortocoronary sinus oxygen difference and increased cardiac index and left ventricular
efficiency; these effects were dose related. Although the effects of the drugs on peripheral blood
substrate concentrations were different, those on myocardial substrate metabolism were identical.
Pressure derived indices of contractility in each group of patients were unaltered by either drug.
After amrinone administration increases in cardiac index were related to plasma amrinone concent-
ration, but alterations in contractility were not. In four individual patients increases in contractility
were associated with alterations in plasma metabolite concentrations, which suggested that
catecholamine release had occurred. For the groups of patients as a whole, however, amrinone had
effects which did not differ significantly from those of the pure vasodilator, nitroprusside. There was
no evidence that amrinone had a direct positive inotropic effect since no dose related changes in
indices of contractile function could be established.

Amrinone (Inocor, Sterling-Winthrop) has been
reported to produce considerable improvements in
ventricular filling pressures and cardiac index in
patients with cardiac failure during intravenous' and
oral administration.2 An increase in maximum rate of
rise in left ventricular pressure (max dP/dt) after
intravenous administration of amrinone in some small
series3-5 has largely been attributed to a direct posi-
tive inotropic effect of the drug, although no dose
response relation has been found, and a larger series6
has failed to confirm these changes in max dP/dt and
other contractility indices. In isolated myocardium
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from normal animals7 and in animals in which acute
cardiac failure has been produced experimentally8
anrinone does indeed have positive inotropic proper-
ties. These properties, however, are not readily
detectable at concentrations obtained during chronic
oral treatment in patients (approximately
0.4-4 jig/ml).9- 1" Furthermore, in myocardium from
animals'2 and patients'3 with chronic cardiac failure
the effect is not easily demonstrable even at consider-
ably higher concentrations. Amrinone does, however,
have powerful direct vasodilator properties in
human'3 and animal vessels,8 which are detectable at
concentrations obtained therapeutically in man.'3
Some workers have suggested that in chronic heart
failure this vasodilator effect is largely responsible for
the drug's beneficial effect on haemodynamic indices
without it having any clinically demonstrable positive
inotropic effect.6
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Table 1 Clinical details of patients in the study

Dilated cardiomyopathy
(n =8)

Coronary artery disease
(n=6)

Mean (SEM) age (yr) 38-3(4-1) 53-3(2 3)*
Mean (SEM) length of history of cardiac failure (months) 13-3(5-4) 6-8(3 5)

No of patients with symptoms (NYHA grade):
II 3
III 5 4
IV - 2

No of patients taking:
Diuretics 8 6
Vasodilators 2 4
Digoxin 6 2
Amiodarone - 1
Aminophylline 1
Warfarin 2

LV angiographic data (mean (SEM)):
Normalised end diastolic volume (ml/m2) 188-1(11-6) 219-7(12-4)
Ejection fraction 0 20(0 02) 0-15(0-01)
Mass (g) 344-4(24 5) 339 8(34 0)

*p < 0 05 between groups.

The actual mechanism by which amrinone pro-
duces its effect might be of little clinical significance
but for the fact that intravenous and oral administra-
tion of the drug to patients is attended by a relatively
high incidence of adverse effects.9 14 15 Thus it is
important to know if the drug has any useful proper-
ties in addition to those found with conventional vas-
odilators.
An understanding of the drug's mode of action is

also important since a number of similar agents (for
example, milrinone, Winthrop'6; ARL-1 15,
Boehringer Ingelheim'7) are being developed for use
in the treatment of heart failure. Accordingly, we
compared the effects of amrinone on haemodynamic
indices and myocardial metabolism with those of
nitroprusside, a pure vasodilator. Previous within
patient comparative studies of such agents useful in
the treatment of cardiac failure are rare,'0 and as far as
we are aware all are concerned with simple
haemodynamic measurements with no measurements
of contractility or myocardial metabolism.

Patients and methods

Fourteen patients with impaired left ventricular func-
tion were studied. The aetiology of cardiac failure was
dilated cardiomyopathy (two women, six men) and
coronary artery disease* (one woman, five men). All
were in sinus rhythm. The clinical details and current
medication received by both groups of patients are

*The number of patients with coronary artery disease included in this
study was fewer than we intended because the manufacturers of
amrinone unilaterally withdrew all our stocks of the drug before
completion of the trial.

summarised in Table 1. Current medication was con-
tinued until the evening before the trial. The trial had
the approval of the hospital ethical committee, and
each patient gave informed written consent.

Studies were performed in the morning after an
overnight fast. One hour before cardiac catheterisa-
tion the patients were given diazepam (10 mg) and
atropine (0.6 mg) intramuscularly as premedication.
Heparin (45 units/kg) was given intravenously at the
same time to minimise the effect of a subsequent dose
of heparin on free fatty acid concentrations.'8 Routine
right and left heart pressures were measured and
cineangiography performed via catheters in the right
femoral vein and artery inserted under local anaes-
thesia with lignocaine. Immediately after arterial
catheterisation a second dose of heparin (45 units/kg)
was given. Coronary arteriography was performed
before the research procedure in four patients with
dilated cardiomyopathy and in five with coronary
artery disease. In the remaining five patients coronary
arteriography was performed after the research pro-
cedure. The reason for this alteration in the protocol
was that we were initially concerned about giving a
possible positive inotropic agent (amrinone) to
patients with unquantified coronary artery disease but
subsequently tried to determine if the timing of
angiography affected the results we obtained, which
has been suggested by some workers. '9 In each case
the minimum volume of contrast was used (about five
injections each of 5-8 ml of 76% Urografin).
A catheter tip micromanometer (No 8 French

gauge Gaeltec or Millar) was positioned in the left
ventricle via the interatrial septum by the long sheath
technique.20 Cardiac output was measured using
indocyanine green dye injected into the left ventricle.
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The passage of green dye was detected using either a
Nihon Kohden JQ-410V earpiece box and MLC-4100
cardiac output computer or a No 5 FG Schwarzer
fibreoptic catheter connected to an IVH3 in vivo hae-
moreflector meter.6 Coronary sinus flow was meas-
ured by thermodilution as described previously.'8 In
12 patients aortic pressure was measured using stan-
dard fluid filled catheters. Drugs were injected into a
central vein. In seven patients a No 7 FG elec-
tromagnetic velocity probe (Carolina Medical Elec-
tronics) was inserted into the aortic root via an addi-
tional femoral artery puncture. This group of
patients, which included all three with New York
Heart Association grade II symptoms and four with
grade III symptoms, were selected because they were
considered clinically to have the least severe left ven-
tricular impairment and to be most able to tolerate the
additional catheterisation.
No measurements were made for at least 40

minutes after coronary angiography (when performed
before the research procedure) or within 20 minutes
of contrast injected elsewhere into the circulation.
Pressures were measured with reference to the sternal
angle as zero. Pressure, micromanometer, and Ganz
thermistor signals were displayed on a Cambridge 12
channel recorder and stored on magnetic tape. Max
dP/dt, min dP/dt (peak negative dP/dt), max dP/dt/
p,21 max (dP/dt/P),22 KVmax,23 aortic flow, and indi-
ces derived from left ventricular pressure and aortic
flow, including max dPower/dt,24 were derived by
online computer processing of the pressure and veloc-
ity signals by use of a Varian 620/L-100.6 (The veloc-
ity signal was converted to flow by multiplying it by
the aortic cross sectional area determined by echocar-
diography.)

Left ventricular and coronary sinus blood were
sampled. The oxygen content was measured with an
Instrumentation Laboratories IL 282 gas analyser.
Concentrations of lactate, pyruvate, hydroxybutyrate,
acetoacetate, glycerol, and free fatty acid were deter-
mined as described.'8 In four patients, two from each
group, arterial glucose concentration was measured25
with a glucose analyser (Yellowsprings Instrument
Company). Myocardial oxygen consumption, left ven-
tricular minute work, myocardial efficiency, the
extraction of substrates, extraction ratios, and oxygen
extraction ratios of substrates were calculated using
standard formulae.26
Measurements were made in the control state.

Sodium nitroprusside was administered centrally at a
rate of 55 ,ug/min using a constant infusion pump
and, after allowing 15 minutes for stabilisation, meas-
urements were repeated. Nine patients (four with
coronary artery disease) also received an infusion at
the rate of 110 ,ug/min with further measurements.
The infusion was stopped, and after the return to the

control state each patient received a bolus of 1.5 mg/
kg intravenous amrinone with further haemodynamic
measurements seven minutes later. This interval was
chosen because it has been used by others.3 Nine
patients received a second dose of 2-0 mg/kg
intravenous amrinone 15 minutes after the first dose,
with further haemodynamic measurements seven
minutes later. The patients who did not receive the
high doses of the drugs were ones who had shown a
pronounced reduction in left ventricular systolic or
diastolic pressures with the lower dose of nitroprus-
side. Plasma amrinone concentrations were measured
when the assay technique became available. Venous
blood (1 1 samples) was taken at the time of
haemodynamic measurements after amrinone
administration in six patients (five of whom received
two doses of the drug), and plasma concentrations of
amrinone and its metabolite, N-acetyl amrinone, were
subsequently measured by high pressure liquid
chromatography.27
The batches of amrinone used in these experiments

were DTD 223, DSF 175, and DUC 177 containing
10 mg/ml amrinone as the lactate. Each batch was
bioassayed in our laboratory using normal female
guinea pig papillary muscles to ascertain that an in
vitro positive inotropic response was demonstrable. A
solution of the carrier used in the amrinone ampoules
was prepared according to the instructions supplied
by Sterling-Winthrop Manufacturing Unit. It was
identical in all respects to the amrinone solution
except that it contained no amrinone. Its composition
per 10 ml ampoule was: lactic acid 900/o w/w BP
0-112 ml, sodium metabisulphite BP 0-005 g, NaOH
0*5 mol to adjust the pH to 3*5, water for injection BP
to 10 ml. Seven patients undergoing cardiac catheter-
isation received the carrier solution to determine its
effect on acute haemodynamic indices and myocardial
metabolism. The volume of carrier solution used in
each case was 0*35 ml/kg being "equivalent" to
3*5 mg/kg amrinone solution.

STATISTICAL ANALYSIS
Values are expressed as means (standard error of the
mean). Statistical analysis was by the paired t test, t
test for small samples, and linear or log linear regres-
sion as appropriate. Where a relation was sought, but
could not be detected using a curve fit, Spearman's
rank test was used to test for a non-parametric rela-
tion. A p value of <0-05 was considered to be
significant.

Results

COMPARISON OF CONTROL PERIODS IN BOTH
GROUPS
The mean age of the patients with coronary artery
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Table 2 Effect of nitroprusside and amrinone on haemodynamics in patients with dilated cardiomyopathy.
Values are means (SEM)

n Control I Nitroprusside Control 2 Amrinone
SS pg/min 110 pg/min 1S5 mg/kg 3 5mg/kg

Heart rate (beats/min) 8 99-0(7-0) 95-9(7-2) - 97-5(6 5) 99-0(6 4) -

t5 108-8(5-2) 104-8(6-0) 100 0(6-8) 106-2(6-3) 105 6(6-9) 110-8(8-5)
LV pressures (mm Hg):
Peak systolic 8 90-3(5 7) 79-4(6 1)** - 87 3(40) 83 6(41I)5 94-8(8-1) 84 0(8.9)** 80O0(6 7)** 85 8(6 2) 86 2(6 5) 82.8(6.9)
End diastolic 8 21 3(1-8) 10-3(2-0)** - 21-4(1-5) 13-1(2-7)* -

5 24-2(18) 12.0(2-9)** 11.6(2.2)** 22 4(2 0) 16.0(3.1)* 9 6(3 6)*
Cardiac index (I/min/m2) 8 1-60(0-21) 223(029)** - 1-96(0-33) 344(0 73)* -

5 1 82(0-31) 2 44(0 43) 2.90(0.48)* 1 60(0-29) 3 04(0.64)* 4-40(1-43)
LV minute work 8 2 51(0-51) 3 37(0 78) - 2 90(0 62) 5-11(1-14)** -

(kg x m/min) 5 2 98(0 73) 3-96(1 20) 4 36(1-19) 2 30(0 60) 4 56(0 90)* 7 08(2 70)
Coronary sinus flow 8 161 5(19-6) 133-3(12-9) - 157-9(20-2) 157-8(17-9) -

(ml/min) 5 179-1(28-2) 142-1(98) 146-0(14-0) 163 1(30 9) 155 5(21-8) 158-3(18-7)
Aortocoronarysinusoxygen 8 151(0-8) 14-1(0 8)** - 14-7(0-8) 13-6(0-9)*

difference(ml/lOOml) 5 13-9(0-5) 12-8(0-5)* 11 8(0-5)* 14-5(0 9) 13-0(0-7)** 12 8(0-6)*
Myocardial oxygen 8 24 5(2 7) 18-8(1 5)* - 23-2(2 8) 21 6(2-3)
consumption (ml/min) 5 26 0(4 3) 18 8(1-7) 18 2(2 3) 24 2(4 4) 20 8(4 0) 21-0(2-5)

Efficiency (%) 8 6 0(0 8) 10-7(1-8)* - 7-7(1-7) 15-8(4-5)*
5 6-7(0 9) 12-0(2-6) 14-2(2-6)* 5 6(0 6) 13-0(1-7)** 18-8(5-9)

Min dP/dt (mmHg/s) 8 686 1(57-5) 651-9(67-0)* - 654-5(42 2) 699 8(69 3)
5 739 6(84 4) 713 4(100 5) 672.4(80.3)* 659 0(62-6) 7110(105l3) 703 0(65 7)

Max dP/dt (mmnHg/s) 8 714-8(266) 696-1(36-0) - 6875(288) 7403(568)
5 729 0(35 5) 717-6(57 9) 690 0(50 6) 659 2(24 5) 737-8(77-1) 746 8(65 9)

Max dP/dt/P/s 8 25 8(1 8) 24-5(1-8) - 25-5(1-3) 25 1(1-8)
5 24-6(1-4) 22-4(1.4)* 23 4(1 4) 24-8(1-2) 25 6(2 7) 24 8(1-0)

Max (dP/dt/P)/s 8 103-5(3-3) 106-3(6-0) - 105-1(5-4) 104-8(4-6)
5 106-8(4-0) 109-8(7-2) 110-6(5-7) 111-8(6 7) 110-8(5-5) 112 2(3 8)

KV max/s 8 76 9(4 0) 73 3(3 8) - 75 9(3 5) 76-1(5 1)
5 77 4(4 7) 72 0(4 7) 73 8(5 4) 77 8(4 7) 80 8(5 0) 78 0(2 8)

*p <005 **p <00 (significance of difference from control: nitroprusside v control 1, amrinone v control 2).

Table 3 Effect of nitroprusside and amrinone on haemodynamics in patients with coronary artery disease.
Values are means (SEM)

n Control I Nitroprusside Control 2 Amrinone
55 pg/min 110 pg/min 15 mg/kg 3.5 mg/kg

Heart rate (beats/min) 6 93 8(6 7) 93 0(7 3) - 89 7(6-6) 94-5(8-7) -

Lm4 98 0(9 6) 95 0(11 2) 97-8(13-0) 94 8(9 2) 101 3(11 9) 102-5(13-7)
LV pressures (mm Hg):
Peak systolic 6 94 7(5-1) 87'0(5'5) - 947(5 3) 91-3(5-8)4 94 5(7 5) 86.0(7 9)** 82.0(6.5)** 96 5(8 2) 93-0(6-1) 87.3(5.8)*
End diastolic 6 21 3(2-5) 13-8(3-1)** - 19 8(3-3) 15-7(4-4)4 23 3(3 4) 16-0(4-0)** 14-0(5.2)* 22 3(4 4) 18-8(6-2) 14-8(5.9)*

Cardiac index (1/min/m2) 6 1-87(0'25) 2'37(0'54) - 2-13(0-43) 2.85(0.46)* -

4 1 88(0 37) 2 03(0 42) 2 40(0 26) 1-90(0 35) 2.83(0.40)* 4 05(0 95)
LV minute work 6 3 57(0 78) 4-40(1-27) - 4-15(1-06) 5-58(1-24)* -

(kg x m/min) 4 3-62(1-23) 3-74(1-50) 4 36(1-39) 3 95(1 52) 5-39(1-48)* 701(1-58)
Coronary sinus flow 6 128 0(13 4) 108.8(11-9)* - 135-0(20 4) 127-0(12 2) -

(ml/min) 4 129-2(20-6) 113 5(18-2) 133-5(25-2) 134-2(30 4) 135-9(16 5) 134-1(10-4)
Aortocoronary sinus oxygen 6 12 5(0 8) 12-1(0-8) - 12 1(0 8) 11-7(0 9)

difference (ml/100 ml) 4 12'2(0-7) 12 2(0-6) 11 7(0-8) 12-1(0 7) 11 4(0-8) 11 1(1 0)
Myocardial oxygen 6 16 4(2 4) 13-3(2-0)* - 16 9(3 4) 14-9(1-9)
consumption (ml/min) 4 16-1(3-4) 14-1(2-9) 16-2(4-2) 16 7(47) 15 7(2 9) 15 1(2-1)

Efficiency 6 13'2(1 7) 18 8(3-9) - 14 2(1-3) 21 8(3 4) -
4 13 2(2-3) 14 5(2-6) 15-6(1-5) 13 3(1 7) 19-9(2-6)** 27.3(5.2)*

Mm dP/dt (mm Hg/a) 6 717 2(63 4) 656 0(56-0) - 711 7(67 1) 721 0(68-3) -
4 682-8(79-3) 602 8(70 3) 606-5(67-5) 683-5(91 5) 730 0(1010) 697-3(75 0)

Max dP/dt (mm Hg/s) 6 771-8(804) 7080(573) - 7697(803) 810-0(76-7)4 752-0(109 6) 678-5(81-4) 676 0(79 9) 766-5(122-3) 824-5(118-1)* 798 3(87-1)
Max dP/dt/P(s-') 6 24-3(2-1) 25-3(2-7) -24-7(2-1) 26-5(1-4) -4 25 0(2 5) 27 0(3-8) 26 5(3 8) 2548(322) 27 3(2 0) 26 0(3-9)
Max (dP/dt/P)(s-') 6 98 7(3 4) 99 5(4-1) - 101 7(4-6) 103-3(5-5)4 102 0(4 1) 103-8(4-1) 100 8(7 2) 103-3(6 7) 108-8(5-2) 106-8(5-3)
KV max(s 6 72*7(6*4) 75 7(7 4) - 69'5(4-6) 79.0(5.5)*4 77 0(8 6) 81-5(101) 76 3(8 9) 71 0(7-0) 82-3(80) 80-8(9 2)

*p < 0-05 **p < 0 01 (significance of difference from control: nitroprusside v control 1 and amrinone v control 2).
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disease was higher (p<0-05) than that of those with
dilated cardiomyopathy (Table 1). The length of his-
tory of cardiac failure and angiographically derived
left ventricular volume data were not significantly dif-
ferent in the two groups. In the control state the rest-
ing haemodynamic values in the patients with dilated
cardiomyopathy (Table 2) were similar to those in the
patients with coronary artery disease (Table 3) except
that the patients with coronary artery disease had a
lower arteriocoronary sinus oxygen difference (12 5 v
15.1 ml/100 ml, p<005) and a higher efficiency (13.2
V 600/o, p<0-01). The difference between the control
myocardial oxygen consumptions in the two groups
just failed to achieve statistical significance
(005<p<O0 1).

In the control state there was no difference between
metabolism of lactate, pyruvate, hydroxybutyrate,
acetoacetate, glycerol, or free fatty acid in the two
groups as assessed by the arterial and coronary sinus
concentrations, myocardial extractions, extraction
ratios, or oxygen extraction ratios of the substrates
(Tables 4 and 5).

COMPARISON OF CONTROL PERIODS WITHIN
EACH GROUP
In each group the haemodynamic (Tables 2 and 3) and
metabolic (Tables 4 and 5) measurements during the
first control period (before nitroprusside) were the
same as those during the second control period
(before amrinone), confirming a complete return to
the baseline status after discontinuation of the nitrop-
russide infusion.

EFFECTS ON HAEMODYNAMICS
In the patients with dilated cardiomyopathy heart rate
tended to fall with nitroprusside and to rise with
amrinone, but the changes were not statistically
significant (Table 2). Left ventricular peak systolic
pressure and myocardial oxygen consumption fell in a
dose related manner with nitroprusside. Smaller
changes with amrinone did not achieve statistical
significance. Cardiac index and efficiency rose and left
ventricular end diastolic pressure fell in dose related
manners with both drugs. Left ventricular minute
work tended to rise with both drugs but was
significant for only the low dose of amrinone. Coro-
nary sinus flow tended to fall with nitroprusside (not
significant) but was unaltered by amrinone. Min
dP/dt was significantly reduced by nitroprusside but
not by amrinone. Max dP/dt tended to fall with nit-
roprusside and to rise with amrinone, but the changes
were small and not significant. Other pressure derived
indices of left ventricular contractility were unaltered
by either drug.

In the patients with coronary artery disease changes
in haemodynamic indices similar to those in patients

with dilated cardiomyopathy occurred during
administration of the two drugs (Table 3), although
statistically these changes were less pronounced, poss-
ibly because of the smaller number of patients in this
group.

In both groups combined, max dP/dt increased
after the highest dose of both nitroprusside and
amrinone in four patients and decreased after both
drugs in five patients. In the remaining five patients
max dP/dt fell with nitroprusside but rose after
amrinone, but in this subgroup the drugs had oppo-
site effects on heart rate; heart rate decreased after
nitroprusside in all five patients but was either
unchanged (n= 2) or increased (n= 3) after amrinone.
In this subgroup of five patients the two drugs had
opposite effects on heart rate, which were both statis-
tically (p<0.02) and clinically different (10 (2)
beats/minute).

EFFECTS ON METABOLISM
Arterial lactate concentration tended to fall with nit-
roprusside but not with amrinone in both groups
(Tables 4 and 5). The myocardial extraction ratios of
lactate tended to fall in both groups during adminis-
tration of each drug, although the changes were not
statistically significant. In five patients with dilated
cardiomyopathy and five with coronary artery disease
lactate extraction was normal (> 10%) in the control
state. In three of the patients with dilated car-
diomyopathy the lactate extraction remained normal
after administration of both drugs. Lactate extraction
in one patient with coronary artery disease and one
with cardiomyopathy became abnormal (< 10%) after
nitroprusside but not amrinone. In the remaining five
patients the extraction ratio became abnormal only
after amrinone.
Four patients, three of whom had dilated car-

diomyopathy, had abnormal lactate extraction
(< 10%) in the control state. Both drugs produced no
alteration in lactate extraction in the three patients
with dilated cardiomyopathy but an improvement in
the one patient with coronary artery disease. Arterial
and coronary sinus concentrations, extraction ratios,
and oxygen extraction ratios of pyruvate, hydroxy-
butyrate, and acetoacetate were unaffected by either
drug in either group (Tables 4 and 5)

Arterial concentrations of free fatty acid tended to
rise in each group with both drugs, although the
changes were most apparent after amrinone (Tables 4
and 5). Furthermore, these changes after amrinone
were accompanied by increases in arterial and coro-
nary sinus glycerol concentrations and an increase in
coronary sinus free fatty acid concentration.

In the four patients in whom measurements were
made, nitroprusside did not alter arterial glucose con-
centration, whereas intravenous amrinone increased
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Table 4 Effect of nitroprusside and amrinone on myocardial metabolism in patients with dilated cardiomyopathy.
Values are means (SEM)

n Control I Nitroprusside Control 2 Amrinone
55 pg/l n 110 pg/mmn 1l5 mg/kg 35 mg/kg

Lactate
A f8{5
Cs 8C 5

ER f8
5

OER 8
5

Pyruvate
A 48

5

5
ER 8

5
OER 85

Hydroxybutyrate
A 48

5
5

ER 8
5

OER 8
5

Acetoacetate
A f8
C 5

CsR {8{5
ER f8

5
QER 8

5
Glycerol
A 48

5
5

ER 8
5

OER 8
5

Free fatty acid
A f815
Cs 8

5
ER J8

5
QER 8

5

0 863(0 076)
0-941(0-103)
0-634(0-111)
0-724(0-165)
295(80)
27-7(11-2)
11-4(2-7)
11-6(3 7)

0 057(0 007)
0-064(0-010)
0 044(0 004)
0 049(0 003)
17-6(8-6)
17-4(11 1)
0 6(0 2)
07(04)

0-358(0-117)
0-323(0-113)
0-210(0-068)
0 195(0-068)

37 6(5.5)
32 2(7 8)
10-9(3-4)
10-6(4-2)

0-177(0-046)
0-146(0-033)
0-101(0-025)
0 090(0 020)

39 7(5-0)
36-6(7-1)
4-9(1-3)
4-1(1-4)

0-121(0-019)
0-124(0-028)
0-105(0-019)
0-017(0-028)

14-3(4-6)
14-0(7-2)
1-0(0-4)
1-1(0-7)

0-89(0-12)
0-90(0-16)
0-68(0-12)
0.74(0.15)

26.3(6-2)
19-2(4-2)
78-2(12-4)
66-8(14-4)

0-775(0-085)*
0-828(0-133)
0-605(0-077)
0-663(0-113)

20-3(6-9)
18-1(8-5)
88(3-3)
9-3(4-8)

0-054(0-006)
0-060(0-008)
0-045(0004)
0-050(0004)
8-5(11-3)
12-7(11-4)
0-5(0-2)
0-6(03)

0-344(0-103)
0-303(0-109)
0-211(0-061)
0-189(0-064)

34.7(4.5)
30-6(6-6)
10-6(3-1)
10-1(41)

0-167(0-043)
0-136(0-032)
0-095(0-022)
0-084(0-019)

39-0(51)
35-6(7-3)
5-0(1-4)
4-2(1-4)

0-102(0-018)
0-099(0-026)
0-097(0-017)
0-094(0-022)
1-0(6-5)

-1-6(10-4)
0-4(0-2)
0-5(03)

0-94(009)
0-94(009)
0-72(0-12)
0-80(0-14)

26-2(8-4)
16-4(9-3)
95-4(17-0)
78-2(25-0)

0-821(0-136)

0-634(0-121)

21*1(10-3)

12-1(5-2)

0-065(0-010)

0-048(0 002)

17-2(14-5)

1-0(0-4)

0 256(0 092)

0-179(0-070)

33-1(4-1)

7 3(2 2)

0 119(0-026)

0-076(0-016)

34-4(5 2)

3-6(1-0)

0-108(0-017)

0-072(0 022)

30-8(17-1)

2-7(1-5)

0-89(0 17)

0-70(0 18)

23-1(8-9)

90 4(29 4)

0 882(0 075)
0 959(0 085)
0-683(0 076)
0 765(0 088)

22 5(6-2)
19-8(7-0)
10-5(2-7)
9-8(3-3)

0-061(0-006)
0 065(0 009)
0 047(0 004)
0 048(0 006)
17-7(10-4)
21-7(14-2)
07(03)
0-8(0 3)

0 278(0.097)
0 230(0*094)
0-172(0-058)
0 133(0-047)
33 9(3.9)
35-9(5 6)
8 2(3.2)
8 4(4 5)

0-153(0-041)
0 118(0-026)
0 090(0 023)
0-076(0-018)

38 0(4 7)
33 5(6-8)
4-1(1 2)
3-0(1-2)

0-093(0-015)
0 087(0 023)
0-083(0-014)
0-078(0-021)

10-7(5-0)
90(69)
06(02)
05(03)

0 77(0.09)
0 72(0 09)
0-57(0-10)
0-50(0-13)
27 8(6 6)
34-5(8 5)
76-4(14-7)
88-4(16-5)

0-815(0-070)
0 854(0 089)
0-630(0-071)
0-632(0-114)

21-5(6-4)
25 6(9.4)
10-1(3-4)
12-2(4-9)

0 062(0 007)
0-069(0-010)
0 045(0 003)
0 049(0.004)

23-1(6-4)
25-0(10-1)
0 8(0.3)
0 9(0.4)

0-328(0 098)
0-215(0-070)
0.194(0.059)
0-120(0-040)
34 9(8 2)
34-0(13-6)
10-9(3-0)
9-1(4-3)

0-166(0-044)
0-109(0-023)
0 092(0 020)
0-071(0-011)

377(5.9)
30-2(7-7)
5-1(1-3)
3-1(1-2)

0-145(0-020)*
0-120(0-024)
0-128(0-019)*
0-113(0-028)

12-0(3-8)
8-2(5-4)
1-2(0-3)
0-7(0.3)

0-98(0-09)
0-82(0-08)
0-83(0-11)*
0-64(0-09)
18-0(4-4)*
23-3(5-2)
64-4(12-1)
79-8(11-9)

0-799(0-107)
0-690(0-127)

17-4(7.7)
6-8(2-8)

0-068(0-007)

0-049(0-006)
27-7(8-0)

0-9(0-3)

0-263(0-095)

0-185(0-063)

24-1(7-1)

7-6(3-2)

0-118(0-026)

0-072(0-016)

37-7(76)

3-8(1-2)

0-123(0-028)
0-128(0-025)

-8-3(11-2)

0-5(04)

0-98(0.15)

0-75(0-16)

24-3(10-1)

109-4(38-9)

A, arterial concentration (mmol); CS, coronary sinus concentration (mmol); ER, extraction ratio (%); OER, oxygen extraction ratio (%).
*p < 0 05 (significant difference from control: nitroprusside v control 1 and amrinone v control 2).

the glucose concentration in each patient (Fig. 1).
The increases in glucose concentration after amrinone
were clinically significant in three of the four.

EFFECTS OF TIMING OF CORONARY ANGIOGRAPHY
The initial control haemodynamic and metabolic
measurements and the subsequent effects of drug
interventions were not affected by whether coronary

arteriography was performed before (n= 9) or after
(n=5) the drug interventions. Max dP/dt fell with
successive doses of amrinone in three of the five
patients who did not have coronary arteriography
until after the drug study, whereas it rose on succes-
sive doses in the remaining two patients. Interest-
ingly, in each of these five patients the low and high
doses of nitroprusside produced changes in max dP/
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Table 5 Effect of nitroprusside and amrinone on myocardial metabolism in patients with coronary artery disease.
Values are means (SEM)

n Control I Nitroprusside Control 2 Amrinone
55 pg/min 110 pg/min 15 mg/kg 35 mg/kg

Lactate
A 6 0 719(0-066) 0 780(0 069) - 0688(0 075)4 0 776(0 082) 0742(0085)* 0-739(0 075) 0 762(0 087)
CS 6 0-490(0 043) 0 577(0 062) 0-520(0 074)4 0 485(0-039) 0-625(0 081) 0 546(0 111) 0 560(0 104)
ER 6 30 2(6 6) 25 2(6-1) - 21-1(12 2)4 36 0(7 0) 16 0(2 7) 26 0(12 3) 24 6(15 0)
OER 6 17-4(3-5) 12 9(3 2) - 12 4(5 1)4 18 3(5-1) 74(1 0) 12 2(6-6) 13 5(6-7)

Pyruvate
A 6 0 059(0-009) 0 063(0 008) - 0 058(0 009)4 0 061(0-013) 0-059(0 009) 0-053(0 008) 0-060(0-012)
CS 6 0 055(0 009) 0 047(0 006) - 0 052(0 005)4 0 061(0-013) 0 050(0 009) 0-051(0 005) 0 052(0 008)
ER 6 -0 6(13 9) 21 2(11 9) - 2 4(14 3)4 -4 5(16 5) 11 3(15 4) -4 1(23 9) 9-2(14 2)
OER 6 0 5(0 3) 1 1(0 5) - 0 6(0 2)4 0 4(0 2) 0 7(0 5) 0 4(0 2) 0 6(0 3)

Hydroxybutyrate
A 46 0 224(0-041) 0 173(0 051) - 0 224(0 088)

4 0 243(0 039) 0 218(0 067) 0-248(0 093) 0-288(0 124)
CS r6 0 099(0 027) 0 090(0 024) - 0 122(0 045)4 0079(0-014) 0116(0-027) 0166(0077) 0-147(0-066)
ER 6 50-1(11.3) 45 2(5 3) - 40 1(7 3)4 63-7(11 6) 42 8(4-9) 32 7(14 2) 46-2(9 0)
OER 6 11 9(4-2) 8 1(3 2) - 10 1(5 2)

4 16 1(5 0) 10 1(4 6) 8 2(3 2) 13 9(7 2)
Acetoacetate
A 6 0-138(0-022) 0113(0-022) - 0-130(0 027)

4 0 159(0.022) 0 133(0-028) 0-123(0 026) 0-159(0 031)
CS 6 0-094(0-014) 0 063(0 009)* - 0-078(0-018)4 0 109(0 014) 0 076(0 006) 0-078(0 014) 0-100(0-019)
ER 6 30 3(3 8) 41 9(6-0) - 41 1(4 1)4 31 2(5 0) 37 5(8 4) 30 2(13 2) 37 3(1 8)
OER 6 3-6(0 9) 4 3(1 3) - 4 3(0 9)4 4-3(1 1) 48(1 9) 40(1 5) 50(1 2)

Glycerol
A
l

6 0082(0022) 0117(0024) - 0106(0-023)A 4 0 105(0-026) 0 102(0-024) 0-103(0-031) 0098(0022)
CS 6 0-069(0-016) 0 093(0-013) - 0.075(0 016)4 0084(0-021) 0097(0-015) 0(097(0032) 0084(0022)
ER 6 6-9(103) 12-5(105) - 23-2(10-6)E 4 15-3(11 2) -0 6(10 1) 2.5(20 9) 13 7(122)
OER 6 1 1(0 7) 20(1 0) - 2 1(1 1)4 1 6(09) 1 0(1 0) 1 0(06) 1 2(09)

Free fatty acid
A 6 086(009)

4 093(013)
CS r6 0 74(0-09)

4 081(0-13)
ER 6 147(37)

4 13 1(54)
OER 6 55 4(147)

4 52-7(21-3)

1-01(0-15) -
1*09(0-21) 1*15(0-23)
0-78(0-11) -
0-89(0-15) 0-90(0-19)

23-3(4-4) -
17-7(3-8) 22-0(3-9)

110-3(22-2) -
92-2(28-7) 118-0(24-0)

0-96(022)
1 09(0-32)
084(0-18)
095(0-26)
124(31)
11 7(47)
56-7(197)
62-6(30-2)

0-740(0-047) -
0-760(0-072) 0-767(0-076)
0-610(0-058) -
0-629(0-083) 0-720(0-078)

17-3(6-4) -
16-8(8-6) 5-9(5-0)
8-0(3-4) -
8-6(5-0) 4-8(2-8)

0-056(0-008) -
0-058(0-011) 0-061(0-007)
0-051(0-002) -
0-050(0-004) 0-054(0-011)

- 1-3(17-2) -
- 0-1(26-3) 13-6(14-0)

0-6(0-4) -
0-8(0-6) 0-5(0-2)

0-200(0-064) -
0-252(0-085) 0-250(0-065)
0-134(0-044) -
0-172(0-059) 0-208(0-074)

32-7(4-1) -
31-7(5-7) 20-9(7-4)
6-9(2-7) -
8-8(3-9) 39-9(1-7)

0 123(0-018) -
0-145(0-017) 0-170(0-021)
0-076(0-013) -
0-090(0-014) 0-097(0-012)

38-7(3-5) -
38-5(5-5) 42-3(4-8)
4-3(0-8) -
5-1(1-0) 7-0(1-6)

0 118(0-016) -
0-134(0-017) 0-112(0-034)
0-117(0-020) -
0-144(0-015) 0-111(0-029)

- 0-4(13-6) -
-11*3(16-8) -3-3(11*6)

0-7(0-4) -
0-5(0-2) 0-7(0-4)

1-13(0-15) -
1-28(0-17) 1-26(0-22)
0-92(0-18) -
111(0-19) 0-98(0-22)

21-0(7-9) -
13-7(8-4) 24-0(3-8)

106-5(37-8) -
90-2(51-8) 149-1(17-4)

A, arterial concentration (mmol); CS, coronary sinus concentration (mmol); ER, extraction ratio (%);OER, oxygen extraction ratio (%).*p <005 (signiificant difference from control: nitroprusside v control 1 and amrinone v control 2).

dt, which were in the same direction as the changes in 14 patients studied, the haemodynamic effects of nit-
max dP/dt produced by corresponding low or high roprusside mimicked the changes in the same indices
doses of amrinone. after amrinone in that individual, except for the

changes in heart rate and max dP/dt noted above. For
COMPARISON OF THE EFFECTS OF AMRINONE AND the groups as a whole the response to nitroprusside
NITROPRUSSIDE was not significantly different from the response to
As a general rule it was noticeable that in most of the amrinone.
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Fig. 1 Effect ofnitroprusside and amrinone on arterial glucose
concentrations in two patients with dilated cardiomyopathy
(O and *) and tvo with coronary artery disease (O and *).

COMPARISON BETWEEN GROUPS
The patients with dilated cardiomyopathy showed
haemodynamic and metabolic responses to the two
drugs which were similar to those of the patients with
coronary artery disease.

PLASMA AMRINONE CONCENTRATIONS
Estimation of plasma anrinone concentration was
performed on 11 plasma samples from six patients
taken from both patient groups. A log-linear relation
existed between plasma amrinone concentration and
either the change in cardiac index (p<0-01) (Fig. 2) or
percentage change in cardiac index (r= 0.75, n= 1,

.-

E 5-
c

4-
x

P-"2-
a

c -

U)
0
La-,

0

v

0

, ,- .

R=0 79
N = 11
p<O01

Fig. 2 Relation between the plasma amrinone concentration
and the change in cardiac index.
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p<001). No relation (including non-parametric)
existed between plasma amrinone concentration and
changes in any contractility index measured. Simi-
larly, no relation existed between the changes in car-
diac index and changes in contractility.
No relation was found between the concentration of

the metabolite, N-acetyl amrinone, and any alteration
in haemodynamics.

RELATION BETWEEN CHANGES IN
HAEMODYNAMICS AND METABOLISM
In some individual patients reductions in max dP/dt
(and other contractility indices) occurred after
amrinone. The greatest reduction in max dP/dt after
amrinone was 25% and changes in max dP/dt by
+ 15% occurred after nitroprusside. We therefore
arbitrarily considered that any alteration in max dP/dt
by + 20% might be due to random variation even if
the drug had no positive inotropic effect. Increases in
max dP/dt by more than 20% did occur in four
patients after amrinone, but in each case arterial free
fatty acid concentration also rose considerably (43-
129%). Only one other patient showed a similar
increase in arterial free fatty acid concentration, but
had a slight reduction in max dP/dt. In this patient the
rise in arterial free fatty acid concentration was associ-
ated with a pronounced reduction in left ventricular
filling and systolic pressures. There appeared to be a
relation between the changes in arterial free fatty acid
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Fig. 3 Relation between the change in arterial free fatty acid
concentration and the change in max dPowerldt after amrinone
administration.
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concentration and changes in contractility indices,
which was most obvious when max dPower/dt was the
contractility index chosen (Fig. 3). No relation
(including non-parametric) could be found between
the change in lactate extraction after amrinone and
corresponding changes in arterial free fatty acid con-
centrations or changes in contractility.

EFFECT OF CARRIER SOLUTION
The effect of the carrier solution was studied in seven
patients with left ventricular ejection fractions bet-
ween 0a 19 and 0 65 (mean 0 38). The carrier solution
did not alter heart rate, right atrial, pulmonary arter-
ial, left atrial, left ventricular, or aortic pressures,
cardiac index, or any index of contractility. In
selected patients thought to be able to tolerate a
lengthened procedure the effects of the carrier solu-
tion on left ventricular volumes derived angiographi-
cally or left ventricular metabolism (myocardial
oxygen consumption, metabolite extraction ratios,
etc) or both were determined and it was without
measurable effect.

BIOASSAY OF AMRINONE AMPOULES
Each batch of amrinone solution used was bioassayed
and found to have positive inotropic properties in the
guinea pig myocardium in a manner previously
described. I3

Discussion

The resting (control) haemodynamic values, arterial
concentrations, and myocardial extractions of metabo-
lites in the patients with dilated cardiomyopathy
found in this study were similar to those previously
described.26 Similar resting haemodynamic and
myocardial metabolic data were found in the patients
with coronary artery disease and comparably poor left
ventricular function. The effects of nitroprusside on
haemodynamic indices and myocardial metabolism in
both our groups of patients were similar to those
described previously in patients with left ventricular
failure.28

In general terms, in both groups of patients
amrinone produced changes in haemodynamic indices
similar to those seen with the pure vasodilator, nitro-
prusside. In particular there was no clear evidence
that amrinone had a dose related, direct positive ino-
tropic effect. A slight reduction in max dP/dt with
nitroprusside and a slight increase with amrinone
were seen, but the changes were not statistically
significant and probably merely reflect the effect of
slight alterations in heart rate (not significant) seen
with the drugs.622 The mean slight increase in max
dP/dt after amrinone may also be, in part, the result of
an increase in max dP/dt by more than 200/o in four

patients in whom arterial free fatty acid also rose
appreciably. There are, of course, difficulties in using
max dP/dt as an index of contractility in the presence
of changes in heart rate, preload, and afterload, as we
have previously discussed.6 A number of other con-
tractility indices less affected by loading changes2'-23
were, however, also unaltered by either amrinone or
nitroprusside. Despite finding a relation between log
plasma amrinone concentration and change in cardiac
index, which was similar to that reported by
others,8 29 we were unable to show a relation between
plasma drug concentration and change in any contrac-
tility index. The concentration of amrinone after
intravenous dosing which produced a 50%/o increase in
cardiac index in this study was 4-4 ,ug/ml compared
with 3.7 and 4-0 ,ug/ml reported by others.829

There are several reasons why we might have failed
to confirm the increase in max dP/dt after amrinone
administration which has been described by other
workers.3-5 Bioassay of the amrinone ampoules and
both in vitrol3 and in vivo experiments using the car-
rier solution, however, exclude the possibility of
faults in the composition of the amrinone ampoules
supplied to us or a negative inotropic effect of the
carrier medium. Other workers'9 have suggested that
the timing of coronary arteriography, 40 minutes
before our drug studies, may have been responsible
for our previous failure to show an increase in max
dP/dt after amrinone.6 In the present study no differ-
ence in response to amrinone was found whether or
not the patients underwent coronary arteriography
before or after the drug study. In the previous studies
of the effect of amrinone on contractility in patients
with cardiac failure3-6 the patient groups studied
were heterogeneous for aetiology of heart failure. It is
possible that amrinone could have had different
effects on contractility in patients with different dis-
ease processes so that the overall effects seen would
have depended on the composition of the group. Our
observation that in two homogeneous groups of
patients with heart failure, the effects of amrinone
were similar does not support this view. The probable
reason that we failed to confirm the increase in con-
tractility after amrinone which has been claimed in
some small series3-5 was that those studies, unlike our
own, were biased towards demonstration of a positive
effect by their experimental design. They did not
attempt to demonstrate a dose-response relation.
Instead, the authors gave increasing doses of the drug
until a haemodynamic endpoint was reached, when
measurements were made. The results thus obtained
were affected more by the choice of the endpoint than
by the effects of the drug studied.

Nitroprusside and amrinone had similar effects on
myocardial metabolism in the two groups of patients,
although some differences in peripheral blood con-
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centrations of metabolites were detected. This sug-
gests that any differences between the metabolic
effects of amrinone and nitroprusside are entirely
extracardiac. It was observed that the arterial con-
centration of lactate tended to fall with nitroprusside
but not with amrinone, whereas with amrinone arter-
ial free fatty acid and glycerol concentrations tended
to rise. These changes were most pronounced in a few
individual patients in whom max dP/dt rose after
amrinone but not after nitroprusside. Similarly, arter-
ial glucose concentration rose after amrinone in the
four patients in whom it was measured. This is strong
indirect evidence that amrinone causes release of
catecholamines, which should increase arterial lactate,
glucose, free fatty acid, and glycerol concentrations.30
Amrinone is known to possess phosphodiesterase

inhibitory activity as well as an in vitro pharmacologi-
cal profile similar to theophylline.31 32 Most phos-
phodiesterase inhibitors cause release of
catecholamines and hence increase circulating free
fatty acids." A major part of the positive inotropic
effects seen in vivo with phosphodiesterase inhibitors
is the result of this catecholamine release.34 It is
unlikely that phosphodiesterase inhibitors per se can
increase arterial free fatty acids since the effect of
cyclic adenosine monophosphate analogues is to
reduce circulating free fatty acids.35 Thus the increase
in free fatty acid concentration after amrinone was
probably secondary to catecholamine release. Fur-
thermore, other workers36 have found that in subjects
with coronary artery disease but normal left ventricu-
lar function amrinone increased plasma concentra-
tions of adrenaline from 0-29 to 0 39 ng/ml and of
noradrenaline from 0*79 to 1l0 ng/ml. These changes
in mean values were not statistically significant, but
the authors did not quote standard deviations or stan-
dard errors, which must have been large. It is clear
that after administration of amrinone some of the
patients must have experienced a considerable
increase in circulating catecholamines. It certainly
does not support the view, expressed be some,2 that
amrinone's vasodilator properties may be due to
"withdrawal of enhanced sympathetic constrictor
tone consequent to improvement in ventricular per-
formance."

If, as we suspect, it is subsequently confirmed that
amrinone does cause release of catecholamines and
increase of circulating free fatty acids in some indi-
viduals this may provide a mechanism for the
increased incidence of ventricular arrhythmias and
death in patients receiving amrinone reported by
some groups of workers.15 37
Some workers have found that amrinone acutely

increases exercise performance.38 Since acute
administration of vasodilators do not do this, they
have concluded that amrinone's additional effect must
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be the result of improved cardiac performance. This
suggestion requires many unjustified assumptions and
neglects the possibility that reduction in muscle
fatigue could be due to a direct phosphodiesterase
inhibitory action on skeletal muscle,39 or an indirect
effect via catecholamine release.40

In chronic cardiac failure drugs which increase
intracellular cyclic adenosine monophosphate do not
appear to have positive inotropic effects, whether they
are adenyl cyclase activators (for example,
glucagon)41-43 or phosphodiesterase inhibitors (for
example, amrinone).'2 13 In this regard it is of interest
that the cyclic adenosine monophosphate analogue,
dibutyryl cyclic adenosine monophosphate, has simi-
lar properties to amrinone, producing large increases
in contractility in normal myocardium,44 whereas in
chronic cardiac failure the improvements in cardiac
index and filling pressures seen4546 are the result of
vasodilatation without any evidence of an increase in
contractility.46
We conclude that in patients with chronic cardiac

failure amrinone acts by vasodilatation, similar to that
produced by nitroprusside, with no evidence of a
direct effect on contractility or the myocardium. In a
few individual patients improvements in contractility
were probably the result of catecholamine release.
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